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Abstract: Friction represents one of the major sources of disturbing forces which affect the 
functioning of the kinematic feed chains from CNC machine tools. Its influence reflects on 
the positioning precision values, having a negative impact on the table movement and 
leading to stationary errors, stick-slip motion and trajectory errors. The present paper 
presents an experimental analysis regarding the influence of the friction forces which 
appear in the linear rolling guideways on the positioning precision of kinematic feed chains. 
The rolling guideways present the advantages of a good behavior in terms of axis stability at 
low speeds and also for achieving high positioning speeds. Concerning the friction 
coefficient values, rolling and hydrostatic guideways are most suitable for the construction 
of high speed and high precision kinematic feed chains; in these cases, the friction 
coefficient has small values, which maintain quasi-constant against the feed rate.  
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1. INTRODUCTION 
 
One major source of disturbing forces which affect the functioning of the kinematic feed chains from CNC 
machine tools is represented by the friction forces which appear in the contact zone between the table and the 
linear guideways. It has a significant influence on the positioning precision values, with a negative impact on the 
table movement, resulting in stationary errors, stick-slip motion and trajectory errors, which finally affect the 
contouring accuracy of the kinematic feed chains [1]. 
 
Several researchers, among which Armstrong-Helouvry [2], Shih and Lee [3], Elfizi et al. [4], Tsai et al. [5] have 
studied the influence of the friction force on the positioning precision of the numerically controlled kinematic 
feed chains and have proposed different methods for identifying and compensating it.  
 
The friction coefficient between table and guideways, in the case of CNC machine tools, presents a major 
importance in terms of axis stability at low positioning speeds and also at low countouring feed rates, when 
certain curves impose it. Feed chain hysteresis, efficiency and ultimately, positioning and manufacturing 
accuracy are directly influenced by the table-guideway friction coefficient [6].    
 
The values of friction coefficient against moving speed vary for different guiding systems: sliding, rolling or 
hydrostatic guideways. In the case of linear rolling guideways, the variation of the friction coefficient against 
moving speed is insignificant. Swevers et al. state that special problems appear in the case of sliding friction. If 
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the last positioning speed is lower than the critical speed admitted by the elastic system of the kinematic feed 
chain, then the stick-slip phenomenon occurs [7]. 
 
In order to eliminate the jerky movement, different antifriction guideway coatings are used. Several synthetic 
resin based materials are being actually used, which can be found under the form of strips, plates and foils or 
under the form of composite materials, cold-hardened and consistent, permitting them to be cold-worked. It has 
been proved that using a combination of sliding materials with low adhesion coefficient, in which case the value 
of the adhesion coefficient is equal or lower than the movement friction value and for which the value of the 
friction coefficient is constant in the limit or mixed friction zone, is very gainful [8].  
 
Most internationally used antifriction coatings are Turcite-B (Italy), SKC (Germany) and Diflon - USA. For 
these materials, the stick-slip movement at low speeds is practically eliminated and the stiffness and price of 
these coated guiding systems is superior to the rolling guideways [9]. 
 
Comparative values of friction coefficient for different guiding systems are presented in Figure 1, taking into 
account the rolling, hydrostatic, sliding using antifriction coatings and steel/bronze sliding guideways. 
 
 
Fig. 1. Friction coefficient values of several guideway types, for different moving speeds [9]. 
 
It has to be mentioned the fact that the friction coefficient directly determines the size of the resistant friction 
force. When the resistant friction force value increases, the dead zone of the table increases as well. This increase 
results in the instability of the kinematic feed chain. In order to eliminate this instability, especially after the 
positioning has been achieved, the transient regime must be modified, making it slower.  
 
The influence of the table-guideways friction on the positioning precision depends on the measuring system used 
for position feedback. In the case of indirect measuring system, the friction force has a major influence and 
generally, the machine tool manufacturers which make use of this system, because of the simplicity and low cost, 
use the rolling guideways. This system can be found on small and middle-sized machine tools, used for light 
manufacturing processes, in which case the rapid traverse rates of the feed chains are between 10 and 60 m/min. 
When using the direct measuring system, the positioning precision is approximately independent of the friction 
force value. Direct measuring systems are mainly used on middle-sized and large machine tools, which contain 
sliding guideways, rolling-sliding or hydrostatic [10]. 
 
 
2. EXPERIMENTAL DESIGN AND SETUP  
 
Experimental researches have been conducted on a test stand, having the structure presented in Figure 2. The 
kinematic feed chain is mainly composed of the electromechanical actuator 1, having the rod 5 fixed against the 
moving element 8. The table has the dimensions of 250 x 400 mm and the axial guiding is achieved using two 
linear rolling cylindrical guiderails 4, with the dimensions of Ø 20 x 1000 mm, provided with several supporting 
elements 3, with the purpose of assuring a high stiffness of the table-guideway assembly.  
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The structure of the electromechanical actuator is given in Figure 3. The main components are represented by the 
precision ballscrew 4 (precision class 7, in conformity with ISO 3408), having the diameter of 20 mm and a        
5 mm pitch. The ballscrew is supported by two sets of angular contact ball bearings 3 on the motor side. Using 
this type of bearings allows the development of high axial forces, reaching a maximum of 9300 N, in both 
moving ways and also leads to obtaining a minimum backlash when reversing the moving direction. On the side 
opposite to the motor, the ballscrew is supported by a polymer sliding bearing 7, which has the advantages of a 
high service life and a vibration free functioning.  
 
 
Fig. 2. General view of the experimental test stand. 
 
The ballscrew mechanism is actuated by an AC servomotor 1, MH10560089192I65A74 series, having a rated 
torque of 1.4 Nm and which is electrically controlled by a servodrive. The servomotor and the ballscrew are 
coupled using an elastic coupling 2. The double preloaded ballnut 5 is fixed on the movable rod 6, supported by 
a radial sliding bearing 8, which allows taking over radial forces as high as 100 N. 
 
 
Fig. 3. Mechanical structure of the electromechanical actuator. 
 
 
3. DESCRIPTION OF THE EXPERIMENTAL METHOD 
 
Determination of the positioning precision of numerically controlled axes from CNC machine tools is 
standardized by a series of international standards, from which the most commonly used in the present time are 
VDI/DGQ 3441 and ISO 230:2. These standards establish the methodology regarding the testing, testing 
conditions and evaluation procedure for processing the measuring results. Testing procedure is based on repeated 
measurements of the effective position of the tested feed axis, discretized in several points (target positions), 
placed at equal distances along the table stroke. 
 
 
Fig. 4. Measuring system used for determining the positioning precision: 1- laser source; 2- linear interferometer; 
3- linear reflector; 4 - ball bearing; 5- rolling guiderails. Journal of Engineering Studies and Research – Volume 20 (2014) No. 1                                        43 
 
Measuring the positioning precision of the researched feed axis was carried out using a calibrated measuring 
system (Renishaw ML 10 laser interferometer). The arrangement of the measuring system on the experimental 
setup is given in Figure 4. In order to evaluate the positioning precision of the moving table, several parameters 
were used: positioning deviation Pa, positioning inaccuracy P, mean repeatability Ps and mean reversal error U. 
It is necessary for the precision parameters to be determined using statistical methods, because of the large 
number of measuring points and measuring runs for each point. This is required in order to evaluate the evolution 
of the position deviations with high accuracy.  
 
 
4. EXPERIMENTAL RESULTS AND DISCUSSION  
 
Measuring and determining the parameters of the positioning precision was made for three friction force values 
of the rolling guideways. The resistant friction forces were modified by varying the preload force of the four 
linear ball bearings which allow the moving element to slide along the guide rails. The resistant friction force 
values are given in Table 1, being directly measured by a force transducer mounted on the cylinder rod. 
Corresponding positioning precision diagrams were plotted for each experimental test and are given in Figure 5.  
 
 
 
 
Fig. 5. Positioning precision diagrams, in conformity with VDI/DGQ 3441: a. experimental results for Fr=211 N; 
b. experimental results for Fr=315 N; c. experimental results for Fr=419 N. 
a. 
b. 
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The curves show the measured position values and also the resulted mean values in different target points chosen 
along the axis stroke, according to VDI/DGQ 3441 algorithm. The statistically determined parameters of the 
positioning precision are given in Table 2. By analysing the diagrams, a significant increase of the positioning 
inaccuracy P can be observed, from 54.8 µm for a 211 N resistant force, to 107.1 µm for an increased force of 
419 N, which is added to the total value of the resistant force. This increase also leads to a higher value of the 
deadzone, which results in an instability of the axis. The resistant force values were chosen according to the 
minimum, mean and maximum values of the preload force admissible for the utilised linear ball bearings. 
 
Table 1. Servomotor parameters for different friction force values. 
Parameter  1st set   2nd  set  3rd  set 
Amperage I [A]  0.164  0.217  0.260 
Motor torque M [Nm]  0.189  0.321  0.404 
Resistant force Fr [N]  211  315  419 
 
Table 2. Positioning precision parameters resulted from experiments. 
Parameter [µm]  Fr = 211 N  Fr = 315 N  Fr = 419 N 
P ( positioning inaccuracy)  54.819  65.821  107.147 
s P ( mean repeatability)  7.345  7.697  8.474 
U ( mean reversal error)  4.603  4.742  7.003 
 
 
5. CONCLUSIONS 
 
In this paper, a method of experimental analysis for determining the values of the parameters used to evaluate the 
positioning precision of CNC machine tools was presented. The main parameters are given by the positioning 
inaccuracy, repeatability and reversal error. Experimental researches were made, regarding the influence of the 
friction coefficient from linear rolling guideways on the moving table positioning precision, by introducing 
different values for the friction force, which adds-up to the total resistant force. From the experimental analysis 
resulted that the size of the friction force has a significant influence on the positioning precision in the way of 
decreasing it, as the friction force increased. Also, the presence of an increased friction force results in a high 
value of the dead zone, materialized in an increased reversal error. In order to optimize the controlled axis, all 
tuning regarding the minimization of the friction force effects must be made with a maximum load of the moving 
table and also aiming at obtaining a high stiffness of the kinematic feed chain.   
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